We have exmined the effects of the substituted pyridazinone herbicide, 4-chloro-5-(dimethyamino)-2-phenyl-3(2H)pyridainone Sandoz Incubation with BASF 13-338. BASF 13-338 was dissolved in acetone. Three layers of filter paper in 9-cm Petri dishes were impregnated with 2 ml of the acetone solution. After the solvent was evaporated, 20 ml of mineral solution (23) were added to give a final external tissue concentration of 0.1 mm BASF 13-338. Detached leaves (1.0-1.5 g fresh weight) were incubated in the dishes under continuous light (200 uE m-2 s-') at 26°C for specified periods of time.
MGDG were inhibited by this compound. Kinetic studies using exogenously incorporated I'q4 18:1 indicated that 18:2/18:3 MGDG originated from an 18:2/18&3 diglyceride precursor derived from PC. The formation of 18:3 at the sx-i position of 18:2/18&3 MGDG was also inhibited by BASF 13-338. Ia contrast the desaturation of 18:2 proposed to occur at the sn-2 position of PC outside the chloroplast, was not affected.
We have recently investigated the sites and substrates for desaturation of FA' in Arabidopsis thaliana (L.) Heynh (16) . Labeling kinetics ofindividual MGDG molecular species following the incorporation of '4C-FA supported different substrates for desaturation of linoleic acid (18:2) to form linolenic acid (18:3) . In Incubation with BASF 13-338. BASF 13-338 was dissolved in acetone. Three layers of filter paper in 9-cm Petri dishes were impregnated with 2 ml of the acetone solution. After the solvent was evaporated, 20 ml of mineral solution (23) were added to give a final external tissue concentration of 0.1 mm BASF 13-338. Detached leaves (1.0-1.5 g fresh weight) were incubated in the dishes under continuous light (200 uE m-2 s-') at 26°C for specified periods of time.
Lipid Analyses. Lipids were extracted using the procedure of Bligh and Dyer (3). Separation into neutral lipid, GL, and PL classes was achieved using silica Sep Pak cartridges (Waters Assoc.). The individual classes were successively eluted with chloroform, chloroform-methanol (85:15, v/v), and methanol, respectively. Recoveries were estimated as 94 to 95% using lipids containing '4C-labeled 18C FA. MGDG, DGDG, and PC were isolated by TLC procedures described previously (16) . After evaporation of TLC solvents under N2, the lipid bands were detected by briefly exposing the plate to iodine vapor. They were then transferred to scintillation vials and radioactivity was determined using a Packard Tri-Carb (model 2425) liquid scintillation EFFECT OF ON ARABIDOPSIS LIPIDS tent (18) . Lipid phosphorus was determined using the method of Bartlett (2) as modified by Marinetti (1 1). Chl was determined spectrophotometrically (1) . FA methyl esters were prepared directly with boron trifluoride/methanol (Sigma Chemical Co.) (12) . GLC analyses were performed on a Hewlett Packard (model 5880A) gas chromatograph (16) .
Molecular Species Analysis. MGDG, DGDG, and PC, separated by TLC were eluted from the silica gel as previously described (22) . Samples (0.2-0.4 gmol) were resolved into constituent molecular species using a Waters Assoc. HPLC System (model 6000A) equipped with a model U6K universal injector, and a 25 cm x 4.6 mm Rainin Microsorb (5 um) reverse-phase column. In analysis of GL, the HPLC solvent was methanolwater (96:4, v/v) (22) delivered at a flow rate of 1 ml/min. The resolved molecular species were directly quantified using a Tracor 945 Flame Ionization LC Detector (Tracor Instruments, Austin, TX) (16, 22 PC molecular species were resolved using acetonitrile-methanol-acetic acid-water-I -ethylpropylamine (89:8:6.8:1.5: (17) . A flow rate of 1.1 ml/min was maintained during quantitation by a Tracor 945 Flame Ionization LC Detector. This was increased to 1.9 ml/min in analyses of radioactivity so that 45% ofthe column eluate could be split away for subsequent elution through a Flo-One Beta HPLC Radioactive Flow Detector (17) . The recoveries of PC and GL in the column eluates were determined using samples containing '4C-labeled 18C FA. Determination of the radioactivity in 1 ml samples collected continuously after injection showed the recoveries to be 93 to 95%.
In order to determine the positional distribution of FA, the GL molecular species resolved by HPLC and detected at 205 nm as described above, were then individually collected. They were hydrolyzed with lipase from Rhizopus arrhizus (Boehringer, Mannheim) and the resultant FA and 2-acyl GL recovered by TLC (16) . FA were identified by GLC following preparation of methyl esters with boron trifluoride/methanol. The positional distribution of FA in PC molecular species was similarly determined after hydrolysis of eluted lipids with phospholipase A2 from Crotalus adamanteus venom (Sigma Chemical Co.) (16) .
Analysis of 14C-FA. The radioactivity in different FA hydrolyzed from the sn-1 and sn-2 positions of the lipids was determined after resolution of p-nitrophenacyl derivatives of the FA by HPLC (16). The 2-acyl GL and lysophosphatidylcholines (prepared as described above) were first refluxed for 1 h in methanol-3 N NaOH (9:1, v/v) and the resultant FA were extracted with petroleum ether, and then dried under N2. The pnitrophenacyl derivatives were prepared according to Halgunset et al (6) . Separation by HPLC, detection at 254 nm, and analysis of radioactivity have been described previously (16) .
RESULTS AND DISCUSSION BASF 13-338 is proposed to inhibit the desaturation of 18:2 to 18:3 occurring on MGDG in a number of plant species (8-10, 14, 15, 24, 25) . When Arabidopsis leaves were incubated for 16 h with BASF 13-338 we identified selective changes in the composition of MGDG (Table I) (Table  I) which are the proposed precursors and are desaturated at the sn-I and sn-2 positions in the chloroplast (16 positions, respectively, of the molecular species. The positional distribution of the FA was determined by hydrolyzing the eluted molecular species with lipase from R. arrhizus. (16) . In particular, the 18:3/18:3 and 18:2/18:3 molecular species were detectably labeled only in the sn-2 position during 5 h of subsequent incubation. In the present study, at 16 h from labeling, radioactivity in sn-1 FA amounted to 10 to 15% of the total radioactivity in these lipids, and this distribution was not affected by (data not shown). This allowed us to specifically examine the effect of the herbicide on the levels of 18:3 at the sn-2 position of these MGDG molecular species. The incorporation of radioactivity into FA at the sn-2 position of MGDG molecular species is shown in Figure 1 (Fig. 2) . Labeling kinetics in Arabidopsis leaf tissue supported (19, 20) (Figs. 1 and 3 ). BASF 13-338 did not significantly alter the labeling of 18:3/18:3 PC (Fig. 3) . These data support our previous conclusions with Arabidopsis (16) (Fig. 2) . The specific radioactivity of 16:0/18:2 in the control continued to increase between 8 and 16 h whereas BASF 13-338 caused it to decline during this time. As shown in Table III the total amount of 16:0/18:2 and also 16:0/ 18:3 PC was decreased by incubation with the herbicide. The specific radioactivity of 18:3/18:3 PC increased at a faster rate than in 16:0/18:3 PC and appeared less sensitive to (Fig. 3) . These data lend support to the proposal that 16:0/ 18:2 and 16:0/18:3 PC molecular species are formed from the equivalent DG species synthesized de novo (20, 21 
